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In the calculation o f  the van der Waals states of  A r - N H 3 we have explicitly included the umbrella coordinate which corresponds 
with the v2 vibration and the inversion tunneling o f  the N H 3 m onomer in the complex. We have calculated the rovibrational states 
of  the complex derived from the m onomer vibration inversion ( v ± ) states with v=0  and 1. As expected, we find very little 
interaction between the ^ = 0  and the v= 1 states and good agreement with our earlier approximate model for the 0 + and 0~ states, 
which was compared with experimental far-infrared spectra. The 1 + and 1 ~ states are coupled more strongly with the intermolec- 
ular motions, however. Comparison with a recently observed v=0~* 1 infrared band of A r - N H 3 shows that the umbrella coordi­
nate dependence of  the ab initio intermolecular potential might still be improved.
1. Introduction
The Ar—N H 3 complex has been subject to detailed 
spectroscopic studies in the microwave, far-infrared 
and mid-infrared regions [ 1 -9  ]. In two articles [ 6,8 ] 
an effective angular A r -N H 3 potential has been fit­
ted to these spectra. Very recently, Schmuttenmaer 
[9] has even obtained a complete (three-dimen- 
sional) intermolecular potential surface, in which the 
long range part was mostly fixed by ab initio calcula­
tions [ 10], while some parameters that determine the 
short range repulsion and the van der Waals well, have 
been fitted to the microwave and far-infrared spec­
tra. In our own work we have used a complete ab in­
itio potential [ 10] to calculate the bound rovibra­
tional levels and the spectra of A r -N H 3. In our first 
paper [ 11] we computed the intermolecular vibra­
tions for J=  0 ,1 ,2  and 3; the umbrella vibration ( v2) 
and inversion of N H 3 were neglected in this study. 
The agreement between the experimental data known 
at that time and our calculations was good. When later 
new transitions were found, it appeared that not all 
our predictions were correct, which we attribute to 
deficiencies in our potential.
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In our second paper [12], we scaled one term in 
the angular expansion of the ab initio potential to re­
gain agreement with experiment. Furthermore, we 
calculated all the rovibrational levels up to J=  15 and 
the effect of the N H 3 umbrella inversion on these lev­
els. A complete theoretical far infrared spectrum was 
generated by calculating the intensities of all the al­
lowed transitions from a dipole function. The um­
brella inversion splitting was computed via a simple 
model. This model assumes that the inversion tun­
neling of the N H 3 monomer can be adiabatically sep­
arated from the van der Waals motions and that the 
inversion splitting is considerably smaller than the 
van der Waals transition frequencies. For the v2 
ground state of N H 3 this splitting is indeed small. The 
same model was used by Schmuttenmaer [9] in his 
fitting of the three-dimensional A r-N H 3 potential to 
the far-infrared spectra. However, for the v2 first ex­
cited state, which is observed in the mid infrared 
spectra [1,3,7], the inversion tunneling splitting be­
comes comparable to the typical van der Waals tran­
sition frequencies and the model is expected to fail.
In the present paper we calculate, again from the 
(scaled) ab initio potential, the rotation-vibration 
inversion levels for both the ground and v2 first ex­
cited states of A r-N H 3, taking the inversion coordi­
nate explicitly into account. Hence, we include the 
full coupling between the umbrella motions of N H 3
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and the van der Waals motions of the A r-N H 3 com­
plex. The test o f  our simple model [12] for the inver­
sion splitting in the A r-N H 3 complex which is thus 
obtained, is also of interest for the empirical fit of the 
potential in ref. [ 9 ], which uses the same model. The 
ab initio potential of Bulski et al. [10] was already 
calculated for four different umbrella angles. In our 
earlier papers we only used the data for the equilib­
rium angle, but in this work we need all four umbrella 
angles. Our calculations will be compared especially 
to the mid-infrared spectra [ 1,3,7] that probe the v2 
first excited state. Calculations of the state-to-state 
scattering cross sections for Ar and N H 3 with the same 
potential are in progress [13]. With the v2 first ex­
cited states obtained in this paper and the calculated 
scattering states we will also be able to calculate the 
line widths of the observed transitions.
The use of an ab initio potential -  rather than a 
model potential fitted to the spectra -  can be justified 
by several arguments. In the first place, the ab initio 
potential contains explicitly the coupling between the 
umbrella angle and the van der Waals coordinates in 
this complex, which the current model potentials do 
not give. Secondly, it is important to investigate the 
strengths and weaknesses of ab initio potentials, since 
they are relatively easy to generate and in principle 
contain a wealth of information. The infrared spec­
troscopy of van der Waals molecules offers a beauti­
ful testing ground for this investigation.
2. Theory*
The coordinate system for the A r-N H 3 dimer is 
discussed in detail in the appendix of a previous pa­
per [12]. The distance between the center of mass of 
N H 3 and the argon atom is denoted by R. The angles 
/? and a  are the polar angles of the dimer bond axis 
relative to a space-fixed frame. Thus, the coordinates 
a  and /? define the dimer frame. The principal axes 
frame of N H 3 has the Euler angles y, d and r/?, relative 
to this dimer frame. In ref. [12] we defined the in­
version coordinate p as the distance between the cen­
ter of mass of N H 3 and the nitrogen nucleus. In this 
work we find it more convenient to define this coor­
dinate as the angle between the C3 axis of N H 3 and 
one of the N -H  bonds.
The Hamiltonian for the nuclear motions of the di­
mer can be separated into the following terms:
H  = Hamb(p) + H raA{R)  + H Q .  <p. )',/?, a . p )  .
(1)
This separation of the Hamiltonian H  does not imply 
an approximation. In fact, the term 7/ang contains all 
coupling terms between radial, angular and umbrella 
motions. We only apply the separation in order to ^ _
generate a convenient basis for diagonalizing H. The 
Hamiltonian H umb is associated with the umbrella 
motion of free N H 3. The Hamiltonian 7/rad describes 
the van der Waals stretching motion. Before attempt­
ing to diagonalize the full Hamiltonian we consider 
the first two terms separately.
In describing the umbrella motion of N H 3 we have 
introduced two constraints. We fixed the N -H  dis­
tance at /*o and kept the three-fold symmetry. The 
umbrella Hamiltonian H umb describes both the fast 
umbrella vibration (p2) and the slow inversion tun­
neling as a combined motion in the inversion coor­
dinate p. This Hamiltonian can be derived [14] along 
the same lines as described by Papousek and Aliev 
[15]. The umbrella Hamiltonian can be written as
H umb{p) = - \ f i 2g ( p ) - ' r- —  Ipp(P)S(P) 'n -fT
+ l'umb(P) , ( - )
where
§(P) — f.x.x Iyy I  : z  ^ pp •> ( ^a )
h A p ) = l y y ( p )  = 3 » w 0(5 Sin2p + Ceos2p ) , (3b) 
I-.AP) = 3w h >i s in2/? , (3c)
¡^(.p) = 3 mHi i ( c o s 2p + ( s i n 2p)  , (3d)
C = w n/ (3 /) jh + % )  . (3e)
Here m H and niN are the masses of the hydrogen and 
nitrogen nuclei, respectively. The first term is the ki­
netic energy expressed as a part of the Laplace oper­
ator in a curvi-linear coordinate system with metric 
tensor g =  d iag(/xv, Ipp). The determinant of
g is denoted by g(p).  The quantities 7VV, and Izz
•  9
are the moments of inertia of N H 3, which depend on 
the inversion coordinate p. The generalized moment 
of inertia Ipp is associated with the umbrella motion 
and depends also on the inversion coordinate. The 
second term Fumb(p) is the double-well potential. We
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have chosen to represent this potential by a harmonic 
force field augmented by a Gaussian
• umbip) =  i k ( p — j7 i) : +  a ex p [  ~ b ( p — i n ) 2] . (4 )
The parameters a and b are related to two other pa­
rameters: the angle /?0 a* which the double-well poten­
tial has its minimum and the height of the barrier
>'harrier =  Kmbi  j " )  -  Kmb(po) -T h e  symmetry of  the 
problem (molecular symmetry group P I ( D 3h), see
ref. [1 2 ])  can be used to block the Hamiltonian ma-
trix of / / umb into a positive and negative parity part
(under the operation E *, which transforms p into
K—p).  The Hamiltonian Z/umb is diagonalized in the
basis
sin(/?7/?) ,
m =  1, 3 , 9 9 ,  for positive parity , 
m = 2, 4 , 1 0 0 ,  for negative parity .
Since the volume element corresponding to the p co­
ordinate is g ( p ) 1 /2 dp, this basis is not orthogonal and 
a generalized eigenvalue problem was solved. In this 
manner we obtained 100 umbrella eigenstates
<o T h{p).
Next we diagonalize 7/rad, which is defined by
//rad ( * ) = -
fl2 02
2pR ÒR2
(5a)
f 'radW  =  (4rc) - 1/2Voo(R,P=-2k ) . (5b)
This Hamiltonian describes the van der Waals stretch 
motion in the radial coordinate R. The first term rep­
resents the kinetic energy; for the potential VTad{R)  
we choose the isotropic part of the intermolecular po­
tential for the flat N H 3 configuration. The intermo­
lecular potential has been taken from Bulski et al. 
[10]. They performed ab initio calculations for 360 
points on the potential surface and expanded this po­
tential in spherical harmonics. The coefficients in this 
expansion depend on both R and p. The analytical 
representation of the/? dependence is given in section 
3. As found in our earlier paper [12], in which we 
included the inversion tunneling via a model, the ab 
initio potential has to be scaled to give good agree­
ment with experiment. This scaling consists of mul­
tiplying the short range parameter F33 in the expan­
sion coefficient v33(R, p ), see eq. (6)  below, by a 
factor of 1.43. In this work we applied the same scal-
ing, irrespective of the value of the inversion coordi­
nate p. In order to diagonalize / / rad, we have used the 
orthogonal Morse type basis functions R ~ ' x n {R)  
(n = 0, ..., 5). The functions /„ ( /? )  [16] are charac­
terized by three parameters: DMorsc, R Morsc and coMlorse-
These parameters were optimized to give the lowest 
energy for the ground state of the radial problem. In 
this manner we obtained six radial eigenstates
(R).<P?d
The angular Hamiltonian Z/ang, which contains also
the coupling between radial, angular and umbrella 
motions, is defined by
Hang(R,  #, qt, y, /?, a , p )
=  i I  Jv . ' (p )ñ  +
i
A 2 pR
^  «s ^  ^
-2 ( j 2+ r - 2 j - j )
- K > A R ) +  I  ( - 1  y"vl„,(R,p)SllM < p ) , (6)
l,m
where S /m denotes a normalized tesseral harmonic 
(real spherical harmonic). The first term is the rota­
tional Hamiltonian of N H 3, in which the rotational 
constants depend on the inversion coordinate p. Note 
that this is the remaining part of the Laplace operator 
in the curvi-linear coordinate system with metric ten­
sor g mentioned above. It would have been possible ^ _
to include this term into H umb. The only difference 
with the present treatment would have been that the 
functions ^¡¡mb(/>) would have become j, k  depen­
dent in that case. This is expected to yield only a very 
slight improvement, whereas the computations would 
have been considerably more complex. The second 
term in eq. (6) describes the overall rotation of the 
dimer and the Coriolis coupling between internal and 
overall rotation. The last two terms form the inter- 
molecular potential, from which the isotropic poten­
tial Krad ( R ) has to be subtracted, because it is already 
included in eq. (5).
Having (p"mb ( p) ( u = 0 + , 0 “ , 1+ and 1“ ) and
( Ps ( R)  (5 =  0, ..., 5) at our disposal we diagonalize 
the full Hamiltonian H  defined in eq. (1 ) ,  in the or­
thonormal basis
/ ( 2/ +  0 ( 27+ 1) 
V 32k 3
1/2
D 0l*(0, d ,p )
x D íü r(« ,A ) ') í> rb(^í>.;ad( « ) , (7 )
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where the first two functions are Wigner rotation 
functions describing the monomer internal rotations 
and dimer overall rotations, respectively. We will fol­
low the same procedure as in ref. [12] to diagonalize_
77. First we neglect the small off-diagonal Coriolis in- 
teraction, contained in the term j - J / u R - , which 
makes the helicity Q a good quantum number. For 
fixed7, we take the lowest i’max eigenfunctions for dif­
ferent helicities ( |i2| ^  7) as basis functions to solve 
the eigenvalue problem of the Hamiltonian 77, in­
cluding the off-diagonal Coriolis interaction. The re­
sulting eigenfunctions will be specified by | JMi} ,  
where i labels the different van der Waals states.
In order to describe the splitting of the rovibra- 
tional energies caused by the interaction with the 
quadrupole of the 14N ( / =  1) nucleus, we use the first 
non-vanishing term of the spherical multipole 
expansion
H Q = q (2)- Q {2) . (8)
Here 2q [2) is the gradient of the field at the position 
of the nitrogen nucleus. This field, which is due to the 
electrons and the other nuclei, interacts with the 
quadrupole tensor 2Q {2). Note that the factor 2 in 
front of Q [2) is necessary to adhere to the convention 
commonly used in the description of the quadrupole 
splitting.
Coupling the total angular momentum J  and the 
l4N nuclear spin ƒ to a resulting F, we must evaluate 
in first-order perturbation theory
(9)
Doing this along the lines described in ref. [17], we 
find
V + 3
£ c? = eQqjz - r- Y ( J ,  7, F)  ,
7
( 10)
where
7(7,7, F) =
j C ( C + l  ) —ƒ (ƒ + !  ) 7 ( 7 + l )  
2 ( 2 7 - 1 ) ( 2 7 4 - 3 ) 7 ( 2 7 —1) ’
(11a)
C = F ( F +  1 ) —7 (7 +  1 ) — 7(7+ 1 ) ,
£? =  2<77|(2o2> 177) ,
qj = 2(JJ i \qk2)( Û J ,  )0 |77/>
( H b )
(He)
d i d )
The operators Qb2) and qb2) are with respect to the 
space-fixed frame.
In the N H 3 monomer frame the field gradient is 
axial and has only one component q = 2q^2). Here we 
assume that the field gradient is not changed by the 
weak interactions with the argon atom and we do not 
explicitly include its p dependence. The operator 
qh2 ] is related to qh2 ’ by [12]
A )’)
= I  0&2>0{à>*(O, 0, v ) D $ * ( a J ,  y) (12a)
=  <?à2 ) L  ( — I )'‘C l2>(d, y)C},2>(fl, 0) , (12b)
where C\!? is a spherical harmonic normalized to 4tt/ 
(2 /+  1 ). It is easy to calculate the matrix elements of 
this operator between the basis functions of eq. (7) 
and, thus, to evaluate eqs. ( l i d )  and (10).
It is of interest to observe that for most of the van 
der Waals states in A r -N H 3 the helicity decoupling 
approximation is nearly valid. If it were exactly valid, 
Q would be a good quantum number and the only 
contribution to eQqj for states with Q = 0 (also called 
I  states [ 6,8 ])  would arise from the term in eq. (12) 
with n = 0. In that case, the quadrupole splitting would 
be proportional to < C i2) ($, y)> =  </^2(cos$) >. Our 
calculations do not make the helicity decoupling ap­
proximation, however, i.e. we account for the mixing 
of states with different ¿2, in the manner explained 
above.
3. Results and discussion
In tables 1-4 we show the parameters used and the 
results obtained for the diagonalization of 7/umb. The 
parameters /c, p0 and Fbarrior are fitted such that the 
measured inversion tunneling splitting in the v2 
ground state (23786 MHz [18 ])  and both transition
Table 1
Parameters used for the N H 3 umbrella Hamiltonian
m H= 1.0078 amu a)
/>jN=  14.0031 amu a) 
r0= 1.0124 A b) 
k=  1.809 mdyn A 
p0= 112.434°
Vbarrier =  2024.0 cm - 1
31 Ref. [21].  
1,1 Ref. [221.
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Table 2
Calculated levels in c m -1
0 + 512 .7670a)
0 -  513.5604 a) 
1+ 1445.4135
1- 1480.6318
a> i>2 zero point energy 513.1637.
Table 3
Transitions
Calculated Experiment, refs. [18,19]
1oÎ+o 23786.5 MHz 23786 MHz
0 + -> 1 " 967.86 c m -1 968.08 c m - 1
0 ~ -  1 + 931.85 c m -1 931.66 c m -1
Table 4
Rotational constants in c m -1
Calculated Experiment, ref. [20]
'4jt-V A - : A  X X a 22
0 + 10.000 6.337 9.947 6.228
0 - 9.998 6.337 9.942 6.230
1 + 10.189 6.182 10.070 6.089
1 - 10.109 6.272 9.890 6.160
frequencies to the v2 first excited state (931.66 and 
968.08 c m “ 1 [1 9 ])  are reproduced with minimum 
deviation. As can been seen in table 3, the microwave 
and infrared transitions used in the fit are indeed re­
produced very well. Table 4 gives the calculated ro­
tational constants (Axx= A yy andAz:) for a given um-
«
brella inversion state w, as defined by
71
g ' /2(p) d p ! u ( p ) \ < p T b( p ) \ 2
0
U = x 9y, z) (13)
and the experimental values of Bunker et al. [ 20 ]. In 
tig. 1 a graphical representation is given of the poten­
tial Kumb(p) and the four lowest eigenfunctions ob­
tained from diagonalizing H umb. Note that the wave- 
functions only have appreciable amplitude between 
45° and 135°.
The parameters used in the Morse type basis for 
the Hamiltonian 7/rad are: Dka^  = 134.274 c m -1 .
p ( degrees )
Fig. 1. Double-well potential Kumb (/?), eq. (4 ) ,  for the N H 3 um ­
brella motion and the four lowest eigenfunctions o f  Z/umb(/?), eq. 
(2 ) .  Wavefunctions in arbitrary units and zero coinciding with 
the corresponding energy.
R M orse 3.884 À and ooM 32.636 cm -1 . The re-orse
M orse
duced mass of the complex is p = 1 1.9396 amu, when 
we take the masses from table 1 and m Ar= 39.9627 
amu for the mass of argon [21].
Fig. 2 shows the dependence of the dominant ex­
pansion coefficients v/m( R , p)  on the umbrella coor­
dinate p for a fixed value R = 3.69 A, near the equilib­
rium distance. The ab initio calculated points are 
marked with asterisks. The analytical representation 
of the curves is a sixth-order polynomial in p —{n, 
containing even/odd terms depending on whether 
l + m  is even/odd. These polynomials are used to cal­
culate matrix elements of v!m (R , p ) between different 
inversion states cp„mb (p).  After the rightmost ab ini­
tio points some sharp increases or decreases arise in 
•the curves. These are artifacts of the fit and it has been 
checked that they do not have an effect on the calcu­
lated integrals over v/m( R , p ), because the amplitude 
of the wavefunctions ^¡¡mb (p) is very small in this re­
gion (see fig. 1).
First we performed calculations of the rovibra- 
tional levels for the v2 ground state with the basis of
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200
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0
i
-100
- 2 0 0
- 3 0 0
-•100
p (degrees)
Fig. 2. The dominant expansion coefficients of  the anisotropic 
potential (with scaling in v ^ )  for R = 3.69 A.
eq. (7), including the two umbrella states ¿/ =  0 + and 
0 “ . The calculations including the off-diagonal 
Coriolis interactions were performed with t'max =  50. 
The results of these calculations are given in table 5, 
for the lowest allowed rotational levels (7 = 0  or 7 =  1) 
of different van der Waals states /. The convergence 
of the energies ranges from 2 x  10-4 to 4 x  10- 2 cm _1, 
for the lowest and highest state shown, respectively. 
The energies given in table 5 include the off-diagonal 
Coriolis interaction, as well as the shift due the inver­
sion tunneling of the N H 3 monomer. These shifts, as 
given explicitly in the next column of table 5, have 
been deduced from the two tunneling components 
calculated. Note that for ortho-NH3-A r  only one of 
these components is Pauli allowed ( see ref. [ 12 ]) .  In 
addition the expectation values of the dimer bond 
length </?>, ° f  the rotational constant B = ( f i 2/  
2f iR2} and of the second Legendre polynomial
< P2(cos #) ) are given for each van der Waals state 
calculated. If no external field is applied, the expec­
tation value of the first Legendre polynomial 
< P ,(c o s$ )>  will be zero due to the symmetry 
PI ( D 3h). In order to compare with experimental data
we define the effective quadrupole coupling constant 
as
eQQcn =  —j -  eQq., ■ (14)
The values calculated for this constant can also be 
found in table 5. The quadrupole coupling constant 
for the v2 ground state of free N H 3 has been taken as 
eQq= —4.08983 MHz [23], for both the 0 + and 0 -  
states. Our results arc generally in good agreement 
with the experimental data given in table 5. Note that 
for states with |i2| ^  1 (also called n  states [6 ,8 ])  
the effective quadrupole coupling constants are not 
given by —eQq(P2(co s $ )> ,  because terms other 
than // =  0 in eq. (12) are important. The model used 
in ref. [12] to calculate the effect of the N H 3 inver­
sion motion on the van der Waals states relied on the 
fact that the inversion tunneling splitting in the free 
monomer is much smaller than the van der Waals 
transition frequencies. If we compare the inversion 
tunneling shifts found in this work to those found in 
ref. [12] (see table 5), we may conclude that this 
model indeed works well for the v2 ground state.
Because the energy difference between the ground 
and v2 first excited states is large ( ^  950 c m - 1) com­
pared to the van der Waals frequencies, the inclusion 
of the 1+, 1~ states is expected to have little influ­
ence on the energies presented in table 5. To check 
this we performed some calculations including four 
umbrella states (u = 0 + . 0 “ , 1 + and 1 “ ) in the basis. 
These calculations are much more expensive than 
those presented above. It was found that the influ­
ence on the energies was approximately 10-2 c m -1 
and on the inversion tunneling shifts approximately 
10“ 4 cm -1 , which proves our assertion.
Next we calculated the rovibrational levels for the 
v2 first excited state, including the two umbrella states 
u — 1 + and 1 ~ in the basis of eq. (7). The calcula­
tions including the off-diagonal Coriolis couplings 
were performed with i'max =  35. The convergence of 
the energies is the same as for the v2 ground state. 
The results of the calculations are compiled in table
6. We used the same labeling as for the v2 ground state, 
augmented with a prime, to facilitate comparison. The 
inversion tunneling splitting in the N H 3, monomer 
in its v2 first excited state (35.6 c m " 1) is comparable 
to the van der Waals transition frequencies. There­
fore, we expect the coupling between the umbrella
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Tabic 5
Energies, inversion tunneling shifts and expectation values of  the dimer bond length </?>. of  the rotational constant B= ( f i 2/ I f i R 2') and 
of the second Legendre polynomial ( P 2(cos û ) )  for the lowest 7 level in each rotational ladder in the v2 ground state of  A r - N H 3. The 
approximate quantum  number |i2| is equal to t h e 7 value given in parentheses (so, 7 = 0  and 7 =  1 indicate the I  and n  states of  refs. [4 -  
9] ). Also given arc the effective quadrupole coupling constants eQqcir. For levels with 7 = 0 ,  the latter constants are listed for the next 
level in the rotational ladder ( 7 =  1 )
vdW Symmetry Energy Inversion shifts (cm ‘ ) <*> B
state / ( c m - 1 ) (A) (G H z)
this work m o d e la) experiment b)
o rt h o
0 A; '( .7=0) -8 6 .8 8 9 8 3 0.30885 0.30392 3.792 2.973
la a ; ( y = i ) -7 0 .1 0 3 6 4 - 0 .3 4 9 5 0 -0 .3 4 7 2 8 3.752 3.037
lb Aï ( 7 =  1 ) -7 0 .1 0 0 3 5 - 0 .3 4 9 6 0 -0 .3 4 7 3 7 3.752 3.037
■> A'2' ( J = 0 ) -6 0 .5 3 9 4 0 0.30347 0.31263 3.986 2.735
3 a ; ' ( . /= 0 ) -55 .9 04 31 -0 .2 4 6 5 8 -0 .25881 3.922 2.788
para
0a E' ( 7 = 0 ) -7 7 .3 8 2 8 7 -0 .3 5 5 1 7 -0 .3 5 0 9 0 -0 .3 8 9 8 9 3.723 3.083
0b E" ( 7 = 0 ) -7 6 .6 7 2 5 3 0.35517 0.35090 0.38989 3.723 3.084
la E" ( 7 =  1 ) -7 5 .6 8 8 5 6 -0 .0 0 3 3 3 -0 .0 0 4 0 9 -0 .0 0 7 0 8 3.773 3.003
lb E ' ( 7 = l ) -75 .68191 0.00333 0.00409 0.00708 3.772 3.004
2a E" (7 =  1 ) -6 6 .8 8 8 5 3 - 0 .0 0 0 0 4 -0 .0 0 0 0 3 - 0 .0 0 0 8 0 3.747 3.046
2b E ' ( 7 = 1 ) -6 6 .8 8 8 4 5 0.00004 0.00003 0.00080 3.747 3.046
vdW
•
< P 2(cos t?) > ^ cit(M H z )
state i
this work experiment c) this work semi-empirical b) experiment d)
ortho
0 - 0 .0 5 3 - 0 .0 8 6 -0 .2 1 1 - 0 . 3 5 0
1 a - 0 .2 3 4 -0 .2 2 1 3.019 2.96
lb - 0 . 2 3 4 -0 .2 2 1 - 2 .0 2 5 - 2 . 0 5
2 - 0 .0 2 3 0.069 - 0 .1 0 5
3 0.280 1.127
para
0a - 0 .2 5 2 -  1.155 - 1 .1 3 3
0b -0 .2 5 1 - 1 .2 3 5 -  1.210
la - 0 . 0 1 0 - 0 . 0 1 0 - 0 .0 1 5
lb - 0 .0 1 3 0.362 0.435 0.44
2a - 0 .2 1 3 0.562 0.448
2b - 0 .2 1 3 0.304 0.080
•" Ref. [12] with 2 1 J |  = 0 .8  c m - 1. b)Rcf. [6].
C) Refs. [2,4.5]. d)Refs. [2,5.6].
motion and the van der Waals modes to be stronger. 
Indeed, if we look at the eigenfunctions we observe a 
much stronger mixing in the v2 first excited state than 
in the v2 ground state. Especially the levels 0' and 3' 
of ortho-NH3-A r  are mixtures of the basis functions 
/ = 0, At= 0 ,  u= 1 “ , 5 = 0  and j =  1, Zc=0, u=  1 +, s = 0. 
The level 0' contains approximately 44% of the for­
mer and 34% of the latter state. For the level 3' these
percentages are 19% and 63%, respectively. This 
mixing is very sensitive to the energy differences be­
tween the levels involved and, thus, to the anisotropy 
of the potential surface.
Fraser et al. [7] have found a transition at 
950.482165(3) cm - 1 (band origin) and assigned this 
to the 0 —> 1 a ' / 1 b' transition in ortho-NH3-Ar. This 
transition is red shifted by approximately 1.3 cm -1
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Table 6
Energies, inversion tunneling shifts and expectation values of  the dimer bond length <7?>, o f  the rotation constant B = ( h 2/ 2 f i R2)  and 
of  the second Legendre polynomial < P2(cos d) > for the lowest7 level in each rotational ladder in the v2 first excited state of  A r - N H 3. 
The approximate quantum  number |f2| is equal to the 7  value given in parentheses ( 7 =  0 and 7 =  1 indicate the X and n  states of  refs. 
[ 4 - 9 ] )
VdW 
state i
Symmetry Energy 
( c m - 1 )
Inversion shifts ( c m - 1 ) < *>
(A)
B
(G H z)
< P2 ( cos d ) >
this work m o d e la)
ortho
la' a ; ( 7 =  1) 865.34277 -1 5 .5 6 8 7 6 -15 .54861 3.773 3.004 b) -0 .2 5 1
lb' a ;  ( 7 =  i ) 865.34943 -1 5 .5 7 1 2 6 -1 5 .5 5 2 1 6 3.773 3.004 b) -0 .2 5 1
3' A? ( 7 =  0) 871.63906 3.853 2.879 0.251
0' a ;' ( 7 = 0 ) 887.27367 19.31064 13.76727 3.921 2.792 0.060
4a' A £ ( 7 = 1 ) 891.72554 3.969 2.765 - 0 . 2 4 0
4b' a ; ( 7 =  l ) 891.72593 3.969 2.765 - 0 . 2 4 0
2' A'i ( 7 = 0 ) 902.47299 14.11710 13.64964 4.041 2.656 0.179
para
0a' E' ( 7 = 0 ) 857.65263 -1 5 .8 8 0 7 9 -1 5 .7 9 1 4 2 3.742 3.052 - 0 .2 6 8
la' E' ( 7 = 1 ) 863.50028 -0 .0 0 0 6 6 -0 .1 2 3 8 5 3.791 2.975 - 0 . 1 0 0
lb' E" ( 7 = 1 ) 863.50160 0.00066 0.12385 3.791 2.976 - 0 . 1 0 0
3a' E' ( 7 = 0 ) 885.18257 3.967 2.763 - 0 .2 3 9
2a' E" ( 7 =  1) 885.26885 -0 .0 3 0 0 7 -0 .0 0 1 7 8 3.920 2.821 - 0 . 0 9 0
2b' E' ( 7 =  1) 885.32899 0.03007 0.00178 3.935 2.801 - 0 . 1 4 0
Ob' m II o 889.41420 15.88079 15.79142 3.722 3.085 - 0 . 2 1 4
a) Ref. [12] with 2 1 J |  =  35.6 c m “
b) Experiment [7]:  £  =  2.82691 (1 ) GHz.
with respect to the j =  0, k = 0, w =  0 ” ->/=  1, k = 0, 
u=  1 + transition at 951.8 c m " 1 in free N H 3. We cal­
culate a blue shift of 0.2 cm -1 . As found in ref. [12], 
the position of the l a / l b  states is very sensitive to 
the scaling of the short range parameter F33 in the an­
isotropic term v ^ i R ,  p)  of the intermolecular poten­
tial. This parameter was optimized for the v2 ground 
state. Also the upper levels 1 a ' / 1 b' involved in the 
above transition will depend sensitively on this scal­
ing. We conclude that the scaling applied is in fact too 
simple to give correct van der Waals energies for both 
the ground and v2 first excited states. Because the up­
per state has a positive /-type doubling constant, 
Fraser et al. assert that the l a ' / l b '  states are below 
the 0' state. As can be seen in table 3 we confirm this 
finding.
Earlier, Fraser et al. [1] and Bizzarri et al. [3] 
found three single lines which were attributed to A r- 
N H 3, but not assigned. The positions of these photo­
dissociation lines are 938.6893(2), 970.5498(4) and 
974.6248(4) cm -1 . Fraser et al. [7] assign the line 
at 938.69 cm -1 to a rotational transition in the 0a /
0b-»-la '/ lb '  band of para-NH3-Ar. We calculate the 
band origin of this transition at approximately 940 
cm -1 , which is consistent with the above assignment. 
Furthermore, the two lines near 970 c m - 1 can be as­
signed to rotational transitions in the 0a/0b->3a', the 
0a/0b->2a '/2b ' or the 0a->0b' band of para-NH3-Ar.
In table 6 we list values for the same quantities as 
in table 5, except for the effective quadrupole cou­
pling constants which probably cannot be measured 
in the v2 first excited state. The inversion splitting 
predicted by the model of ref. [12] is obtained by 
replacing the N H 3 monomer splitting for the v2 
ground state, 2\d\  =0 .8  c m -1 , by the splitting for the 
v2 first excited state, 2 1zl| =35 .6  c m -1 . For some 
states the inversion tunneling splitting calculated de­
viates substantially from that obtained from the 
model, as expected. Unfortunately, the experimental 
data available are still scarce. We can only compare 
the rotational constant of the l a ' /  lb ' states. Fraser et 
al. [7] have found £  =  2.82691 ( 1 ) GHz, while we 
find B=  3.004 GHz.
We conclude that the modified ab initio potential
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is still not perfect. Although the results for the v2 
ground state are generally in good agreement with ex­
periment, the results for the v2 first excited state are 
still open to improvement. We can in fact improve 
the potential by using more sophisticated ab initio 
methods. However, such an improved ab initio po­
tential can only be tested when further experimental 
data for the v2 first excited state become available. 
From the line width and the time of flight Fraser et 
al. [ 7 ] have deduced that the lower and upper limits 
for the vibrational predissociation lifetime of the 
states l a ' / l b '  are approximately 1 |is and 1 ms, re­
spectively. By combining the v2 first excited states 
from the present work with the scattering states also 
calculated in our group [13], we will be able to cal­
culate vibrational predissociation lifetimes, as well as 
product distributions.
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